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[57] ABSTRACT 

A digital protective relay apparatus comprising an ana- 
log input sectioiit a correction value-calculating section, 
a storage section, a correction section, a protective 
calculation section. A correction value for correcting 
the error of the analog input section is predetermined 
and stored in the storage section. Digital data obtained 
through the analog input circuit is corrected by the 
correction section using the correction value. The pro- 
tective calculation section performs predetermined cal- 
culation using the corrected digital data, thereby deter- 
mining whether or not a trip instruction should be sup- 
plied to a breaker. 

12 Claims, 4 Drawing Sheets 
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pacitor 12 arc adjusted in accordance with a detection 

DIGITAL PROTECTIVE RELAY APPARATUS result. 

Since the constant of each component of the analog 

BACKGROUND OF THE INVENTION input circuit 1 varies with the lapse of time» it is neces- 

1. Field of the Invention ^ ^ ^ periodically adjust the correction circuit 13. 
This invention rcUtcs to a digital protective relay ^ described above, the conventional digital protec- 

apparatus to be used for protecting a power system, and *ive relay apparatus is disadvantageous in that its cali- 

more particularly to an apparatus of this type equipped procedure is compUcated and hence requires 

with a function of contcting an error caused in ad ,q " 

analog input circuit incorporated therein. SUMMARY OF THE INVENTION 

2. Description of the Related Art * . ^ ^ . . 

A conventional digital protective relay apparatus will ^ ^^^^^ mvention to provide a reliable 

be described referring to FIG. 4. protective relay apparatus havmg an analog 

In the digital protective relay apparatus, the various ^^^^ ^^'^^ ^^^^ ^ ^ calibrated in a simple man- 

analog amounts of a power system employed in the ^^^^^^ u- ♦ *i. i . ^ t 

apparatus, such as current flowing through the power J° "^^^ protecUve reUy appa- 

supply line and bus line of the power systemand vStage ^ comprises: an analog mput secdon 

applied thereto, are input in parallel into an analog input ^T""?^ " o\ electriaty in a power 

^cuit 1 *' *~ u*!'"^ system to subject the sampled electricity to predctcr- 

Tbe analog input circuit lis constructed generaUy as ^ V^^^i- YZ;^^""^ fV '^l'"^^ 

shown in HG. 5 Specifically, it has a plurah^ of input ^^"^T^"^ output from the analog 

chamicls each com&ig a^sformer 2, a filter cir- ;?P«t s^tion to convert the same to digital da^ 

cuit 3. and a sample/hold drcuit 4. Tlie output terminal ^^tT^'^TLt^^^ fn'^lT^ "^f"^ 

of each circuit 4 is connected to a multiplexer 5. „ ^ converter to calculate a correcUon 

TTu=volUgc or current input to each input chamiel of " value for correctmg an error cont^^ 

thecircuit 1 is suppUed to a corresponding tranTmier f ^^t^^/^r stonng the co^^^^ 
2 where it is subjected to level tri^forJ. and is ™en ?^ (xrrecUon valuen^c^^^^^ section; correction 

supplied to the Lr circuit 3 where those high fre- "^'""^.^rT't^^^^ 

'^^y^'^^^^^^f^^^ 30 stored in the storagesection; and prot^ivS^^^ 

^n^rJ^Tfr^^'^T '^^^/^"^f »^tion for recdwSg the collected digital data to effect 

JlSoM^^ 1^ mput to the predetermined calcdation based on Se received data. 

Z2 ^^^^^r^^^^^^ " T^t at predeter- outputting a trip instruction to a breaker when L 

^^t^^tl^^t "^^^^ calculation result indicates that an abnormality occurs 

IS kept for a predctennmcd penod of tune. 35 ^ ^^^ 

nV^owSifa^™ TT^. ""^^^ T: ^ ^^"^ P^^^tive relay apparatus of the inven- 

t^rlt ' "r?^ T?""' V^^^ ""^'^'^ «>^«=tion value is obtaiiJd by predetermined 

%t !^°f 1 ^fJ'r , . . calculation performed using digital data in the correc 

in^ t^ I^^ "^^^ the multiplexer 5 is tion value^culating section. Sd is stored in the stor- 

^^JfjAl^^^TSZ f''''^ IS converted to 40 age section. The digital data is corrected by the use of 

digital data agnal. The digital data signal is mput to a the correction value in the correction section, thereby 

protective relay calcuktioncirc^^ providing data equivalent to that obtained when there 

The circmt 7 performs predetermined protective « no errors in the analog input circuit. By using this 

relay calculation usmg the mput digital data signal, and errorless data, the protective calculation section can 

suppbes an output circuit 8 with a trip trigger signal 43 perform erroriess calculation, 
when the calculation result indicates occurrence of a 

fault in the power system. Upon receipt of the trip trig- BRIEF DESCRIFTION OF THE DRAWINGS 

gcr u^al from the calculation circuit 7, the output RG. 1 is a block diagram, showing a calculation 

circmt S outputs a trip instruction to a breaker provided drcuit employed in a digital protective relay apparatus 

u the power system. 50 according to the invention; 

In the analog mput circuit 1, there exist errors in the FIG. 2 is a block diagram, showing in detail a correc- 
charactcrutics of an output with respect to an input (i.e., tion value-calculating section depicted in HG. 1- 
m the ampUtude gain of the output and/or in the phase FIG. 3 is agraph, useful in explaining a phase cicula- 
of the same) of the output relative to the input due to tion by the use of a iero<rossing method- 
various constants of the structural elements therein. 55 HG. 4 is a block diagram, showmg a conventional 
These errors should be eliminated since they adversely digital protective relay apparatus; 
affect the protective function of the circuit FIG. 5 shows an analog input circuit employed in the 

To this end, in the conventional digital protective ^paratus of FIG. 4; and 
reUy apparatus, the analog input circuit 1 incorporates FIG. 6 shows a correction circuit employed in the 
a correction circuit 13 comprising an adjusuble resistor 60 apparatus of FIG. 4. 
11 and an adjustable capacitor 12 and disposed to per- 
form error-correction of digital data, as is shown in DETAILED DESCRIFHON OF THE 
FIG. 6. PREFERRED EMBODIMENT 

In this conventional apparatus, a calibration signal The embodiment of the invention will be explained 

having a waveform similar to that of an analog amount 65 with reference to the accompanying drawings, 

of electricity is input to the analog input circuit 1 from The digital protective relay apparatus of the inven- 

the power system, and is detected after having passed tion comprises an analog input circuit, an A/D con- 

thc circuit 1. The variable resistor 11 and variable ca- vcrter, a correction/protection calculating section, and 
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an output drcuiL The analog input circuit, A/D con- digital data Xmo corrected in the conection section 13 

veiter, and output circuit have structures similar to with the use of the equation (i). 

those of the corresponding elements sho>vn in FIG. 4. The operation of the above-described apparatus will 

That is, the analog input circuit is constructed as shown be explained. 

in FIG. S, and is supplied with a signal corresponding to 5 Assuming that digital data to be obtained when there 

the sampled analog electricity amount of the power „e „o gain errors in the analog input circuit 1 and A/D 

system. The A/D converter is connected to the output converter 6 is Ym. the relationship between this digital 

Sf multiplexer ^t^lS^ ci^uit. Tht7gZ 10 T^,T^ ^°V^ n 

dau is input to the correction/protection calculating JPtal circuit lean be expressed by the followmgequa- 

•ection. Hereinbdow* the analog input circuit, A/D 

converter, and output drcuit will be explained using y v n\ 

reference numerals in HG. 4. xmxK^rm ...u) 

FIG. 1 shows the correction/protection calculating 15 ^ j- 1 j . v i. • t • j r 

section (hereinafter referred to as "calculating sec- ,J^^J^^ ^J^' "^^"^J^ ^ be obUmed from 

^Qg«t^ the A/D converter 6 assuming that a calibration signal 

The calculating section comprises the following: » wavcfonn is input to the analog input 

a correction value-calculating section 11, supplied ^ ^« errors in the circuit 

with digital data from the A/D converter 6, for opcrat- 20 * converter 6, is predetermined as explained above, 

ing a calculation to obtain a correction value for remov- ^ other hand, the relationship between the digital 

ing a gain error caused by the analog input circuit 1 and X/>c find the digital data Xm obtained when a 

A/D converter 6, signal having the same predetermined DC waveform is 

a storage section 12 for storing the correction value input to the input circuit 1 in a case where gain errors 

obtained by the section 11, 2s ^ actually exist therein will be given by the following 

a correction section 13 for correcting digital data equation in view of the above equation (3): 
output from the A/D converter 6, using the correction 

value stored in the storage section 12, XmoxK^^Xoc ... (4) 

a protective relay calculating section 14 responsive to 

the corrected digital data for performing predetermined 3Q Thus, the correction value calculating section 11 

calculation, thereby outputting a trip trigger signal calculates X/>c/Xm, thereby obtaining the correction 

when the calculation result indicates that an abnormal- value K. The value K is stored in the storage section 12. 

ity occurs in the power system. in the operation mode, the correction section 13 cal- 

Further, an operation mode switching device 15 is culates Xmo by filling the correction value K in the 

prowded for suppljong the correction value-c^^^ 35 equation (1). Xmo obtained using the correction value 

section 11 with a signal instructmg change of the mode k is equal to Ym 

™o?.^*^J-^!!!lfT^^ """^^ to operation correction value K obtained from the equation 

mode or vice versa. In the cahbraUon mode, the correc- ef^r^ri n 

tion value<alculating section 11 takes in digital data to '^'^ '^^J^ \^^^^on value storage sectton 12 

obtain a correction W and stores the%x>rrection ^ )? f^^^ .^^f the operation mode switchmg 

value in the storage section 12. In the operation mode, ^ calibraUon mode, and is kept as it is dur- 

the correction section 13 takes in the digital data and "^Snonnal operation. 

correction value, corrects the digital data, and outputs ^« "*P^^ channels of the analog mput circuit 1 have 

the corrected data to the protective relay calculating rcspccUvc correction values K, and these values K are 

section 14. stored in the storage section 12. The correction section 

The correction section 13 corrects the digital data, *3 '^ads from the storage section 12 a correction value 

supplied from the A/D converter 6, in accordance with ^ corresponding to the input channel of the digital data, 

the following equation (1): thereby performing correction expressed by the equa- 
tion (1). 

Xmo^XmxK . . . (i> In the first embodiment, adjustment performed by the 

, , correction circuit 13 shown in FIG. 6 is unnecessary, 

where symbol Xin represents digital data sampled at a and further gain errors can be removed from the analog 

certain pomt of time and K a correction value stored in -^^^^ circuit 1 and A/D converter 6, thereby enabling 

If^^^^^'*®^ , , , . — ^ . protective relay calculation using digital data equiva- 

The correction vdue<alc^g section 11 obtains lent to gain^rrorless digital data. Asa nsult,pio^g 

the correction value K by performine, in the calibration ^5 , w*.«» *M6tu«*«iui,« o»c»uii,p*vv«sang 

mode, calculation with 4^t ^e SK^Tom A^^nlf;:^.^^^ "^J^" T^'^ 

the A/D converter 6, usin^e following equation (2): f*^^^ * "ft^J^ ^ ^ 

* * ^ ^ ' ing the rehabihty of the apparatus. 

K«Xi)c/Xin ... (2) In the first embodiment, an analog amount of electric- 

ity having a DC waveform is subjected to the correc- 

where Xi>c represents ideal digital data output from the tion. Then, a digital protective relay apparatus equipped 

A/D converter 6 when an analog amount of electricity with a calculating section for correcting an analog 

having a DC waveform is input to the analog input amount of electricity having an AC waveform will be 

circuit 1, assiuning that there are no gain errors in the hereinafter explained as a second embodiment, 

circuit 1 and converter 6. This ideal digital data is pre- 63 The second embodiment is similar to the first embodi- 

detcrmincd at the stage of designmg. ment except the correction sectioa Therefore, only the 

The protective relay calculating section 14 performs correction value calculating section will be described in 

a predetermined protective relay calculation using the detail. 
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A correction value calculating section 15' employed Upon receipt of the digital data Xm, the block 23 per- 

in the second embodiment performs calculation based forms calculation based on the received data, using the 

on the following equations (5) and (6) or (7) so as to following equation: 
obtain a correction value K: 

5 

K«X^CB^£ ...(5) 

where Xm represents digital dau sampled at a point of 

where symbol Xace represents the root means square time, X(m - 1) digital daU sampled previous to Xm, K a 

value of desired digital daU output from the A/D con- gtin correction value peculiar to each input channel, 

vertcr 6, assuming that a calibration signal having *n lo and A a phase correction value peculiar to the input 

AC waveform is input to the analog input circuit 1, and channel. 

that there are no gain errors in the circuit 1 and con- -n,c phase-variablc block 23 fixes, at the time of per- 
verier 6. Smce the ideal diptal data is predetermined, fonning calcuUtion using the equation (8). the gain 
the rootn«ns square value X^cEis accordmgly prede- correction value K at 1 (i.e., assumes that there are no 
termmed.Furthcr,symbolX£representstherootmeans ,5 errors) and varies the phase correction value A 
square value of the digit^ data ou^ut from Ae A/D within a range of 0-1 in accordance with a signal from 
converter 6 wha a signal having the same AC wave. phasenerror detecting section 25. thereby determin- 
er.'' ""^^L^if 'r"'^ H T"^' 1 m a case where g«n ^ .^^j, 1^ conectiSn values A for the respective 
erro« are acmrily found therem input channels as make the phases of the chamie^en- 
^Jhc value X£is given by the foUowmg equaUons (6) 20 tical to one another. 

^' The phase-detecting section 24 is responsive to digital 

XE^iiXn^^x^m-rtf)/!}^ ... (6) Supplied from the phase-variable block 23 for de- 
tecting the phase B of the digital data Xmo of each input 

where symbols Xm and X(m-n) represent digital daU channel, using Uie zero-cross method expressed by the 

items sampled at a time interval corresponding to 90 following equation (9): 
degrees of the AC waveform. 

««{A^+Jlf(»i-l)/mn-l)-jr)}x2irX Ts/T ... (9) 

X£mi{Xff^+X(m^\f+. . . +J^tm-Jt)/(ft-J)}* . . . (7 ) 

where, as is shown in FIG. 3. X(n— 1) represents a value 
where symbols Xm-X(m-k) represent digital dau 30 sampled immediately before the digital data crosses 
items sampled each time a period corresponding to one ^^o, Xn a value sampled immediately after it crosses 
cyde of the AC waveform elapses. zero, N the number of occasions of sampling from a 
According to the second embodiment, also in the reference sampling point to a sampling point n— 1, Ts a 
analog input circuit 1 supplied with the AC waveform, sampling cycle, and T the cycle of the input AC wave- 
gain errors contained in the digital data output from the 35 form. 

circuit 1 can be removed, thereby providing an advan- The phase-error detecting section 25 compares the 

tage similar to that of the first embodiment. phases of the input channels with one another, sets as a 

The first and second embodiments are directed to the reference phase the phase of an input channel which is 

correction of gain errors caused in the analog input most retarded in phase in all the input channels, and 

circuit Apart from such gain errors, where the appara- 40 causes the phase-variable block 23 to vary the phase 

tus has a plurality of input channels, it is possible that correction values A of the input channels whose phases 

phase errors are caused between the input channels. are advanced relative to the reference phase. Thus, the 

Such phase errors may adversely affect the calculation phase correction values A, which can cause the phases 

performed in the protective relay calculating section 14, of all the input channels to be identical to one another, 

thereby reducing the reliability of the apparatus. 45 arc determined for the input channels, respectively. 

A third embodiment will be explained, which is di- The phase-variable block 23 stores the determined 

rected to a digital protective relay apparatus capable of phase correction values A in the storage section 21, and 

correcting such phase errors caused between input outputs digital data Xmo calculated using the deter- 

channels, as well as the gain errors caused in the analog mined correction values A, to the effective value-cal- 

input dicuit 1 and A/D converter 6. 50 culating part 26. 

This embodiment is similar to the second embodiment The effective value-calculating section 26 calculates 
except the structures of the correction value calculating the root means square values Xf of the digital data Xmo 
section 11, storage section 12, and correction section 13. thus calculated, using the equation (6). 
Thus, only the correction value calculating section, The gain correction value-calculating section 27 
storage section, and correction section will be e]q)lained 55 reads the effective values Xf frnm the calculating see- 
in detail. tion 26, thereby calculating the gain correction values 

As is shown in FIG. 2, the digital protective relay K of the input channels using the equation (5), and 

apparatus according to the third embodiment is pro- storing the values K in the storage section 21. 

vided with a correction value calculating section 20. a Thus, the storage section 21 stores the phase correc- 

ttorage section 21, and a correction section 22. 60 tion values A supplied from the phase-variable block 23, 

The correction value calculating section 20 has a and the gain correction values K supplied from the gain 

phase-variable block 23, a phasendetecting section 24, a correction value-calculating section 27. 

phase-error detecting section 25, an effective value-cal- The correction section 22 reads the phase correction 

culating section 26, and a gain correction value-cal- values A and gain correction values K from the storage 

culating section 27. 65 section 21, and performs calcuUtion using the equation 

The phase-variable block 23 is supplied from the (8). 

A/D converter 6 with the digital dau Xm, which is Then, the operation of the apparatus of the invention 

provided for each input channel of the input circuit 1, will be explained more specifically. 



04/04/2004, EAST Version: 1.4.1 



5,293,295 

7 8 

Assume that the analog input circuit 1 has first and Specifically* the phase correctioa value A2 is ob* 

second input channels, and that these input channels tained as foUows, assuming that the phase correction 

ideally generate outputs with a gain of 1/10 and without value Al of the first channel is zero: 

phase errors, with respect to inputs having a reference Since Vo2K*=Vo2K+A2xVo2 (K— 1), the fol- 

wavefonn (50 Hz). In reality, however, in the circuit 1, 5 lowing equation is satisfied by substituting 0. 1 539267 for 

the first input channel has a gain error of +5% and a A2: 
phase error of +0.5', while the second input channel 
has a gain error of and a phase error of +1.0\ 

An analog amount Vi of electricity input to the ami- - + Ko293 V(r.295* - van*)} x 2» x n/T 

log input circuit 1 is: 10 - 6^744547 « «l (- 

Vis loo tin (looirt) Accordingly, the phase correction value A2 is deter- 
mined to be 0.1539267, 

An ideal output Vo for each of the first and second Further, the amplitude values 0.e., root means square 

channels is: 13 values) VI* and V2* are: 

Vo= 10 fin (lOOirt) n*M(ro2QC-24)*^+ KaUC-»)/2}» «=7j4246212 

Actually, however, each channel has the above- w««{(K»2gc-24)»2+Krt2/jr-2)/2}j:s:7JW45n 
described errors, so that the outputs Vol and Vo2 of the 20 

first and second channels are: Since the true value Vpof V is 10/2*, the following 



Vol • 10.5 sin (100irt+O.Sir/180) 
Vo2=9.3 lin (lOOirt +ff/180) 



25 



are satisfied: 

Kl«V7/Vl*«a9523809 
Kl^Vj/yi" =0.9320652 



Vol»5<a Vol96>0 



Here, assume that the analog amount of dectricity is 
sampled with a frequency of 4800 Hz. At this time, the VolK* and Vo2K* are calculated using the obtained 
sampling time series tO, tl, t2, . . . , tK are: Kl, K2, Al, and A2. 

fO=ox nn= 1 X i2=2x rj; . . . , rJCs/rx n ^ Kou:»«Jc;x(Kouc-f v4;x kokjc-i)) 

Ts= 1/4800. yb2K*=K2X(yolK'^A2x VoTHK- 1)) 

Assume that the sampling data series of the first and 
second channels with respect to the sampling time series Thus, VolK* and Vo2K* coincide with each other, 
are: and the phase error between the first and second chan- 

nels is corrected. Further, the effective value obtained 
Voio, Voii» VoU .... VoiK using VolK* or Vo2K» is 10/{i)*' 

tnvr is corrected. 

Vo20.vo2i.vo22 Vo2K j^, embodiment, the timing error of sampling 

. ^. , ^ , „ . . ^ . ^ between the channels is also corrected, in addition to 

At this tmie, the followmg are satisfied: ^^e gain error of each channel and the phase error be- 

tween the channels. 
As is described above, the third embodiment can 
Vo29s<o, vo296>o providc thc gain correction valuc K of cach input chan- 

nel and the phase correction value A between the input 
Thismeans that the data value of each of the first and channels, thereby simultaneously correcting the gain 
second chamiels crosses zero between the 95th sampling errors and phase error. As a result, the protective relay 
point from the reference sampling point and the 96th calculating section can perform reliable calculation, 
sampling point from the same. Accordingly, the phases Moreover, in the third embodiment, the correction 
$1 and 02 of the data of the first and second channels section 22 can perform correction processing using the 
are: following equation (10) in place of the equation (8): 

e\ = {95 + Kol95/(Kol95 - Vo\9€)} X 2ir X Ts/T Xmo = 1 (JKn X Xim ^ «)) 

55 B«0 

- 6.2744547 

02 = {95 + Ko295/(Fo295 - Ka96)} X 2ir X n/r where Xm, Xm- 1, and X(m-N) represent digital 

= 6.2657277 data sampled at different sampling time points, KG, Kl, 

. . . , and Kn correction values peculiar to each input 
where T= 1/50. 60 channel. 

Since the phase 01 of the first channel is larger than That is, the degree of phase correction is determined 
the phase $2 of the second channel, the phase-error from the relative rate of each of the correction values 
detecting section 25 supplies the phase-variable block KO, Kl, . . . , and K/f, while the degree of gain correc- 
23 with an instruction for changing the phase correction tion is detennined from the absolute value of each of the 
value A of the second channel so as to cause the phases 65 correction values KO, Kl, . . . , and K^^. 
01 and 62 to coincide with each other, thereby obtain- In all the embodiments, the correction section and 
ing a phase correction value A2 which enables the both correction value-calculating section can be realized by 
phases to coincide with each other. hardware or software. 
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Additional advantages and modifications wiU readily means \vith respect to the analog amount of electricity 

occur to those skilled in the art. Therefore, the inven- having an AC waveform, using the following equation: 
tion in its bioader aspects is not limited to the specific 

details, and representative devices, shown and de- Ke»X^ce/XE 

scribed herein. Accordingly, various modifications may 3 

be made without departing from the spirit or scope of where K represents the correction value for correcting 

the general mvcntive concept as defined by the ap- the gain errors. X^cEroot means square value of digital 

pended claims and their equivalents. output from the A/D converter means in accor- 

What is claimed is: dance with the analog amount of electricity having the 

1. A digital protective relay apparatus for outputting 10 AC waveform input to the analog input section, assum- 
a trip instruction to a breaker provided in a power sys- ^$ that there are no gain errors in the analog input 
tem for protecting the same when a fault occurs therein, section and converter means, and Xf root means square 
comprising: value of the actual digital data output from the A/D 

an analog input section for sampling an analog converter means in accordance with the analog amount 

amount of electricity in the power system to sub- 1^ of electricity having the AC waveform mput to the 

ject the sampled electricity to predetermined pro- analog input section. 

ceasing; 5. The digital protective relay apparatus according to 
A/D converter means for receiving the analog claim 4, wherein the correction means corrects the 
amount of electricity output from the analog input <iigital data output from the A/D converter means in 
section to convert the same to digital data; ^ accordance with the analog amount of electridty from 
correction value-^culating means for receiving the power system, using the following equation: 
digital data from the A/D converter means to cal- 
culate a correction value for correcting an error Xii»*^XmxK 
contained in the digital data when the digital data ^ 

passes through the analog input section and the 25 where Xmo represents digital dau obtamed after cor- 

A/D converter means; '^2?* ^. . , 

storage means for storing the correction value ob- ^ protective rcUy apparatus according to 

tained by the correction value-calculating means; wherein the analog mput section has a plurality 

correction means for correcting the digital data out- of mput channels for respectively processing a plurality 

put from the A/D converter means by the use of ^0 amount of electricity simultaneously sup- 

the correction value stored in the storage means; plifd/rom the power system; the correction valueK^al- 

culatmg means includes phase-correcting value detec- 

protective calcuUting means for receiving the cor- ™^ detecting a phase-correcting value for 

rcctcd digital data, and operating predetermined cor^ectrng a phase error caused between the input chan- 

calcuUtion using the received data, and outputting nels with respect to the analog amount of electricity 

the trip instruction to the breaker when a calcula- an AC waveform, and gain correction value- 

tion result indicates that the fault occurs in the defecting means for obtaining a gain correction value 

power system. correcting the gain errors of the analog input section 

2. The digital protective relay apparatus according to converter means with respect to the analog 
claim 1. wherein the correction value calculating-means ^ "nount of electricity of the AC waveform. 

obtains the correction value for correcting a gain error protective reUy apparatus according to 

of the analog input section and A/D converter means ^' whercm the phase correction value-detecting 

with respect to the analog amount of electricity having ^ detection means for detecting the 

a DC waveform, using the following equation: ^ analog amount of electricity passing 

45 each of the input chaimeb, and phase correction value- 

K=X2>c/XiD determining means for detecting such phase correction 

values of the input channels as enable those phases of 

where K represents the correction value for correcting the input channels which are detected by the phase 

the gain error, Xjx: ideal digital data output from the detection means, to coincide with one another. 

A/D converter means in accordance with the analog ^ 8. The digital protective relay ^»parattts according to 

amount of electricity having the DC waveform input to claim 7, wherein the phase detection means detects the 

the analog input section, assuming that there are no gain phase value of each of the input channels by using a 

errors in the analog input section and converter means, zero-cross method. 

and Xm the actual digital data output firom the A/D 9. The digital protective relay apparatus according to 

converter means in accordance with the analog amount ^3 claim 6, wherein the gain correction value detecting- 

of electricity input to the analog input section. means obtains the gain correction value of each of the 

3. The digital protective relay apparatus according to input channels for correcting the gain errors using the 
claim 2, wherein the correction means corrects the following eqtution: 

digital data output from the A/D converter means, 

using the following equation: 60 K^Xjce/X^ 

Xmo^XmxK where K represents the gain correction value for cor- 
recting the gain errors, X^c^root means square value of 

where Xmo is digital data obtained after correction. ideal digital data output from the A/D converter means 

4. The digital protective relay apparatus according to 65 in accordance with the analog amount of electricity 
claim 1, wherein the correction viJue calculating-means having an AC waveform and input to the analog input 
obtains the correction value for correcting the gain section, assuming that there are no gain errors in the 
errors of the analog input section and A/D converter analog input section and converter means, and Xfroot 
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means square value of an actual digital data Xxn ob- 
tained by correcting, using each phase correction value, 
the actual digital data Xm output from the A/D con- 
verter means in accordance with the analog amount of 
electricity of the AC waveform input to the analog 5 
input section. 

10. The digital protective relay apparatus according 
to claim 6, M^herein the correction means corrects the 
digital data output from the A/D converter means in 
accordance with the analog amount of electridty from 10 
the power system, using the following equation: 

Xmo=^KxP[m+A XJr(/n- ])) 

where Xmo represents digital data obtained after cor- 15 
rection, K the gain correction value, Xm digital data 
sampled at a certain time point, A the phase correction 
value, and X(m— 1) digital data sampled previous to 
Xm by one sampling cycle* 

11. The digital protective relay apparatus according 20 
to claim 6, wherein the correction means corrects the 



digital data output from the A/D converter means in 
accordance with the analog amount of electricity from 
the power systemi using the following equation: 

J&iw - ? {KnxX{m-n)) 

where Xmo represents digital data obtained after cor- 
rection, Xm, Xm— 1, ...» and X(m-N) digital data 
sampled at different sampling time points, KO, Kl, .... 
and Kjv correction values peculiar to each input chan- 
nel 

12. The digital protective relay apparatus according 
to claim 1, further comprising operation modechanging 
means for controlling the operation period of the cor- 
rection value calculating-means, thereby changing the 
mode of the apparatus from calibration mode to opera- 
tion mode or vice versa. 
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